Because of the escape of highly contaminated gut contents from the cloaca of positive carcasses, Camp lobacter numbers recovered from broiler carcass skin samples increase during automated feather removal. Vinegar is known to have antimicrobial action. The objective of this study was to determine the effect of vinegar placed in the cloaca prior to feather removal on the numbers of Carnpvlobacter recovered from broiler breast skin. Broilers were stunned, killed, and bled in a pilot processing plant. Vinegar was placed in the colons of the chickens prior to scalding. Carcasses were scalded, and Campvlohacter numbers were determined on breast skin before and after passage through a commercial-style feather-picking machine. Campylobacter numbers recovered from the breast skin of untreated control carcasses increased during feather removal from 1.3 log CFU per sample prior to defeathering to 4.2 log afterward. Placement of water in the colon before scalding had no effect on Campvlobacter numbers. Camp ylobacter numbers recovered from the breast skin of carcasses treated with vinegar also increased during defeathering but to a significantly lesser extent. Treated carcasses experienced only a I-log increase from 1.6 log CFU per sample before feather removal to 2.6 log CFU per sample afterward. Application of an effective food-grade antimicrobial in the colon prior to scald can limit the increase in Campylobacter contamination of broiler carcasses during defeathering.
Camp viobacter is associated with poultry and poultry products and is frequently isolated from fully processed broiler carcasses (5, 9) . Broiler processing lowers the number of Campvlobacter on carcasses but does not eliminate it (5, 9) . During the course of processing. the number and subtypes of Cwnpvlobacter change due to the stressors applied to the environment in which the organism is living. Live broilers transported to the plant can already have a substantial amount of Campylobacter contamination associated with outer surfaces, including skin and feathers (3) .
Scalding tends to lower the numbers of Camp ylohacter that can be recovered from the skin or carcass rinse (5, 9, 12) . Scalding also limits the diversity of Camp vlobacter recovered from poultry (I). However, subsequent passage through a commercial feather-picking machine causes the numbers of Camp ylobacter recovered from broiler carcasses to increase (5, 9, 12) .
Various hypotheses exist as to why feather removal causes the numbers of Camp ylobacrer to increase. Some possibilities include high levels of airborne bacterial contamination near the feather-picking machines (2, 12, 16) and surface-to-carcass transmission during feather removal (10). However, we have previously shown that the increase is largely due to escape of colon contents from the cloaca during picking (4) . In a Catnpylobacter-positive broiler, the colon contents can include more than 7.0 log CFU Campvlobacter per gram (3). Commercial automated featherpicking machines work by means of rubber picker fingers protruding from metal disks that spin at a high rate. Spinfling picker fingers press on the carcass and rub feathers out of the follicles, removing them from the carcass. As a carcass moves through the feather-picking machine, picker fingers necessarily apply pressure to the abdomen. This pressure can result in expression of colon contents from the cloaca, spreading contamination to the skin. Acetic acid applied during processing has been reported to be effective in lowering the numbers of bacteria associated with chicken skin (13, 15) . Adding acetic acid to poultry scald tanks can lower the D-value of Campvlobacter, making it easier to kill (11). Vinegar is approximately 5% acetic acid and has been reported to exhibit antibacterial activity, especially at elevated temperatures (7 Campylobacter.
MATERIALS AND METHODS
Broiler processing and sample collection. In each of three replications, 40 live broilers approximately 42 days of age were purchased from a commercial processing plant. Birds were transported in sanitized plastic crates to a pilot poultry processing facility. Ten broilers were hung in shackles and stunned electrically at 12 V, and the blood vessels in the neck were cut by an automated killing machine (Simmons Engineering Co.. Dallas, Ga.). Carcasses were allowed to bleed for 90 s prior to treatment.
All carcasses were subjected to a manual squeeze of the abdomen to expel any fecal matter that might be present. Thus, all carcasses had similar amounts of colon contents prior to administration of vinegar into the cloaca. Vinegar was placed into the vent by means of a 25-ml pipet gently inserted into the opening until resistance was felt (3 to 5 cm). Twelve milliliters of distilled white vinegar (White House, National Fruit Product Co., Winchester, Va.) was forced into the colon with a battery-operated pipet pump (Drummond Scientific Co., Broomall, Pa). In some cases, a small volume of vinegar leaked out when the pipet was removed; this leakage was not quantified but rather considered part of the variability inherent in the study. A new pipet was used for each carcass. Broiler carcasses were allowed to progress on the pilot plant shackle line into a set of three triple-pass scald tanks (Stork Gamco, Gainesville, Ga.). The scald temperature was 56°C; shackle line speed was set so that carcasses were in each tank for 30 s with 30 s between tanks.
After the carcasses were scalded, the shackle line was stopped before carcasses entered the picking machine. At this point, the vinegar had been in the colon for approximately 120 s. Carcasses were sampled with a sterile sponge as described by Berrang et al. (4) . Briefly, premoistened sponges (18-oz SpeciSponge, Nasco, Fort Atkinson, Wis.) were used to wipe the breast skin exposed between breast feather tracts (approximately 30 cm2 ). Three consecutive downward wipes were made on each of the carcasses, starting at the skin covering the tip of the keel. Sponges were returned to the sterile bag and the shackle line was restarted, allowing carcasses to proceed through a commercial feather-picking machine (Stork Gamco). After the carcasses were defeathered, the shackle line was stopped and each carcass was sampled a second time with a new sponge. Thus, paired breast skin sponge samples were obtained from the same carcass before and after defeathering. The entire procedure was repeated with 10 water control carcasses (12 ml of distilled water placed in cloaca) and 10 untreated control carcasses.
In between each batch of 10 broilers, the feather-picking machine was sanitized. First, the machine was subjected to a thorough hose washing with 52°C water. Then, each picker finger was sprayed with 200 ppm sodium hypochiorite and the machine was rinsed again with 52°C water.
Microbiological culture. Ten milliliters of sterile phosphatebuffered saline was added to each sponge sample immediately after it was used to sample breast skin. All samples were held at 4°C until cultured in the laboratory; culture began no more than I h after collection of the last sample. Each sponge sample was stomached for 30 s and squeezed by hand to express diluent. Serial dilutions of diluent were prepared and plated on the surface of ('ampy-Cefex aear (14) . Plates were incubated 48 h at 42°C in sealable bags flushed with microaerobic gas (5% 02, 10% CO2. and 85% N2). Preliminary work (data not shown) revealed that moistened skin sponge samples from vinegar-treated carcasses had a pH between 6.5 and 7.5. Nevertheless, to ensure that results were not due to death of Camp ylobacter in the sample after collection, the pH of every sample from vinegar-treated carcasses was measured with pH paper (Baker pHIX, Mallincksodt and Baker Inc., Phillipsburg, N.J.) after removal of the aliquot for plating.
Following incubation, colonies characteristic of Camp ybbacter were counted. Each colony type from every sample was confirmed as Campylobacrer by observation of typical cellular morphology and motility on a wet mount under phase-contrast microscopy. Each colony type was further confirmed as a member of jejuni, coli, or lari species by a positive reaction on a serological latex agglutination test (Microscreen Camp ylobacrer, Microgen Bioproducts LTD, Camberly, UK).
Statistical analysis. Bacterial counts were transformed to log CFU recovered per sponge. A paired t test was conducted to compare Campybobacter recovered from breast skin before and after picking. A general linear model was conducted on data within sample site (pre-or postpicking) and followed by a Tukey's honest significant difference test to separate means according to treatment. All statistical analyses were conducted by using Statistica 6.0 software package (StatSoft. Tulsa, Okla.).
RESULTS
Ca'npvlobacter numbers recovered from broiler carcass breast skin before and after defeathering are shown in Table  I . Before defeathering, there was no significant difference in the number of C'ampylobacter detected on breast skin regardless of treatment. As expected, the number of Campylobacter recovered increased during the feather-picking process. The magnitude of the increase was not different for water control and untreated control groups. Carcasses that were subjected to the vinegar treatment, however, had significantly fewer C'ampvlobacter on the breast skin after feather picking.
The pH measurements of the vinegar-treated breast skin sponge samples were all between 6.5 and 7.5. This indicates that the vinegar treatment worked in the colon or on the skin, and the acidification effect did not carry over to the sample bag. Thus, we can conclude that the results observed in this study were not an artifact of residual bac-tericidal concentration of vinegar present during the culturing of the target organism.
DISCUSSION
The current data confirm earlier findings (4); when sampling control carcasses (untreated or water treated), nearly 3 log CFU more Campylobacter was recovered after defeathering than before. By comparison, vinegar-treated carcasses experienced only a 1-log increase in number of Camp ylobacter recovered from breast skin. Therefore, vinegar-treated carcasses could be expected to proceed to the evisceration line with fewer Campylobacter contaminating the skin.
Vinegar is approximately 5% acetic acid. Previous studies have been done using acetic acid to remove or kill bacteria on the skin of chicken carcasses. Application of 0.5% acetic acid as a carcass dip after defeathering resulted in less than a 1 log CFU decrease in total aerobic bacteria recovered but a 3 log CFU decrease in coliforms (13) . However, unlike our approach, treatment after feather picking is an attempt to rectify the increase caused by the picker. By applying the treatment to the gut prior to feather removal, the increase may be avoided altogether.
Application of acetic acid as a carcass spray (8) or short-time immersion (15) on skin has been reported. A 2% acetic acid carcass spray did not result in significant improvement in microbial quality compared with distilled water (8) . Similar results were noted with 20 ppm chlorine, 10% trisodium phosphate, and electrolyzed water, none of which had a significant effect on numbers of total aerobic bacteria, Escherichia coli, or coliforms (8) . Immersion of chicken skin in 6% acetic acid for 15 s at 23°C resulted in less than a 1-log decrease in the number of Salmonella recovered from inoculated samples (15) .
When applied at high temperatures as in the scald tank, or for extended periods of time as in the chill tank, acetic acid has been shown to lower the numbers of bacteria that can be recovered from broiler carcasses (6, 15) . However, because of the volume of water used, and the overflow maintained during scalding and chilling, these applications would require large amounts of acetic acid. Furthermore. there is some evidence that carcass skin exposed to even low concentrations can suffer a change in color and texture (6) . A chemical treatment placed directly in the colon prior to feather picking targets Cainpylobacter at the best time and place to counter the increase in the numbers routinely observed during feather removal without undue effect on the skin.
Currently, C'ampvlobacter can he found on chilled broiler carcasses at levels of approximately 1 .5 log CFU/ ml whole carcass rinse (5) . Clearly, application of a liquid antimicrobial to the colon prior to scald would involve some engineering challenges and a change in the processing line. Such an effort may be worthwhile if a significant improvement in food safety could be realized. If the 2-to 3-log increase in Camp ylobacter numbers due to defeathering could be moderated to a 1-log increase, the numbers on fully processed carcasses would be expected to be lower than currently seen. The ideal scenario would be to have broilers enter the slaughter plant with no Campvlobacter present on their skin or in their gut. However, until that is possible, the best approach would be an intervention targeted at a process known to cause an increase in counts, such as defeathering.
